Hexahydrohippuric acid was &st described as a metabolite in the urine of cattle at pasture by Suemitsu et al. (1971). It was present to the extent of 50mg/litre; the biochemical origin of this component remained unknown.
hypotheses as to the origin of hexahydrohippurate in the urine have now been tested.
A Welsh Mountain wether (castrated ram) (35kg, 3 years old), fistulated to the rumen, was placed in a metabolism crate fitted with a continuous urine-collection attachment and fed on a normal daily diet of hay (400g) and sheep pellets (250g, BOCM Silcock); water was offered ad libitum. The tight seal of the rumen cannula had a polythene tube passing through it directly into the rumen; externally this polythenetubingwas attached toaperistalticpumpfortheinfusion of a measuredvolume of fluid (250ml) over a predetermined time-span (48h). An initial urinary collection over this period was made by using water as the drip-infusion fluid. In separate experiments, non-radioactively labelled substrates followed by the same compounds labelled with I4C were administered in the above volume of water, and the individual urine samples collected, as follows.
The substrates used were: (I) [ring-U-14C]benzoate (The Radiochemical Centre, Amersham, Bucks., U.K.), 02pCi/ml (47719c.p.m./ml; Philips liquid-scintillation counter); [ring-U-14C]phenylalanine (The Radiochemical Centre), 0.1 pCi/ml (62226 c.p.m./ml); [U-14C]shikimic acid (New England Nuclear Corp., Boston, MA, USA.), 0.1 pCi/ml(59334c.p.m./ml).
Urine samples were acidified to pH3 and extracted with ethyl acetate; acidic components were taken into NaHC03 solution from this solvent, and, after acidification, the diethyl ether-soluble acids (e.g. benzoic acid and cyclohexanecarboxylic acid) separated from those that remained in the aqueous phase (e.g. hippuric acid and hexahydrohippuric acid:). This fractionation was suitable for the identification of some of the components by t.1.c. and g.l.c., but the conjugated acids were not easily separable by these techniques.
The metabolites (from the urine) in the ethyl acetate extract were sharply separated by gel filtration by using Sephadex G-10 (Pharmacia, Uppsala, Sweden) (cf. Sinha & Gabrieli, 1968) ; the extract (lOmg), dissolved in sodium phosphate buffer (1 ml, 0.1 M, pH7), was placed on a column (91 cmx 1.4cm) of Sephadex G-10 (bed vol. 130ml), developed with a similar buffer with a constant-flow-rate peristaltic pump and fractions (5ml/tube) were collected (20ml/h) (Combi Cold Cabinet at 4°C and LKB automatic fraction collector). The Azso of the effluent was automatically recorded to locate the 566th MEETING, CAMBRIDGE aromatic acids ; cyclohexanecarboxylate and hexahydrohippurate were followed by previously standardizing the column by using authentic radioactively labelled acids. Fig. 1 illustrates the separation achieved. The results were clear : hexahydrohippurate was only labelled when the rumen was infused with W-'*C]shikimate and, after hydrolysis, the radioactivity was located entirely in the cyclohexanecarboxylate part of the molecule. The hippurate and benzoate fractions were labelled in all three cases. This conclusion was confirmed by t.1.c. radioautography of the ethyl acetate extract and g.1.c. of the extract after methylation with diazomethane. Brewster et al. (1976) demonstrated that, when shikimate was incubated anaerobically in a glucose/peptone/yeast extract medium with rat caecal contents at 37°C for 5 days, cyclohexanecarboxylate accumulated in high yield. We have confirmed this by using shikimate or quinate with rat caecal contents or fresh rumen liquor alone; under these conditions benzoate did not give rise to cyclohexanecarboxylate and was hardly utilized.
Shikimate is known to be on the pathway of aromatic-ring biosynthesis in bacteria (Davis, 1959 , and quinate is arornaticized to protocatechuate aerobically by Pseudomonas and Achromobacter spp. (Rogoff, 1958) . Beer et al. (1951) were the first to show that a system from rabbit liver was capable of aromaticizing some hydrogenated derivatives of benzoic acid in vitro. Babior & Bloch (1966) studied the system in guinea-pig liver that converts cyclohexanecarboxyl-CoA into benzoyl-CoA, in more detail; Schachter & Taggart (1953) had demonstrated the conjugation of the latter, with glycine to form hippurate by using a refined liver enzyme preparation. Adamson et al. (1970) stressed the species differences in the extent of the aromaticization of quinate and shikimate when given orally to a large variety of animal species, measured as urinary hippurate; the results supported the view that the gut flora was responsible for it in man and the Old World monkeys.
Plant constituents containing shikimate and probably quinate give rise to urinary hexahydrohippurate in herbivora (we have found it in the urine of sheep, cattle, horse and elephant, but it was not detected in rat, pig or human urine). Benzoate, cyclohexanecarboxylate, phenylacetate and hippurate were, however, urinary constituents in all the above species tested.
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